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Habitat change of coastal wetlands caused by natural and anthropogenic factors is an important issue facing China.
Large areas of coastal habitat are disappearing, and those remaining become vulnerable to anthropogenic impacts from
industry, agriculture, aquaculture, urban development, and domestic waste. A question is whether the change of habitat
area has an influence on boundary adjustments of natural reserves. The study reported in this paper applied remote-
sensing images, and environmental and socioeconomic data to analyse the change of land use and land cover and habitat
quality in an estuarine area and to identify the driving forces for these changes from 1988 to 2008. The results show that
land use has changed significantly over this period. Cultivated lands occupying total area 35.96% decreased from
36,879.0 ha to 35,313.7 ha from 1988 to 1999. The area of settlements expanded from 11,305.1 ha in 1988 to 16,661.3 ha
in 1999 and further to 23,258.6 ha in 2008. The areas of settlement, saltwater bodies, and unused land increased by
47.38%, 33.51%, and 16.66%, respectively, from 1988 to 1999. These trends continued from 1999 to 2008. The total
average biomass in 2003 was far below the biomass of the same region in 1983 and the biological density also decreased
sharply. The gross domestic product and population of the Dagang District grew continuously from 1993 to 2006 and was
the main driving force of habitat change. The habitat quality of coastal wetlands is associated with natural reserve
boundaries, which should be modified according to the actual protection status. The suggestion of boundary adjustment
has also assisted the enhancement of habitat quality of coastal wetlands. This research emphasises the improvement of
coastal environments through implementation of boundary adjustments.
www.JCRonline.org
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INTRODUCTION
Coastal zones are of strategic importance: they are important
settlement areas, have a high-percentage contribution to
economic output, and are the location of valuable natural
habitats. More than 37% of the global population live in coastal
cities and about 90% of industries are located there (Small and
Nicholls, 2003; Striegnitz, 2006; Vitousel and Mooney, 1997).
Coastal zones play an important role in preserving many
ecosystem functions and are the focus of many conservation
efforts as well as their socioeconomic development that change
land use (Qi and Luo, 2008; Turner, 2000). Coastal zones are
facing increasingly acute problems of habitat destruction,
water contamination, hydrogeological hazards, coastal erosion,
resource depletion, and accelerated sea-level rise as well as
serious social–economic and cultural problems (Fauzi and
Buchary, 2002; Hobbs, Landry, and Perry, 2008; Katsuki et al.,
2009).Coastal wetland changes and their causes have become a
hot spot in global environmental change research (Carreno et
al., 2008; Liu et al., 2005; Omenn, 2006). Natural and
anthropogenic factors acting together lead to changes in
diversity, both within and among populations (Fratini et al.,
2008). However, despite previous government-initiated at-
tempts to protect wetlands, these habitats continue to be
degraded at an uncontrolled pace. With 40% of China’s
population located in coastal regions, and expected rapid
socioeconomic development of these regions until the mid-21st
century, they are going to be subjected to uncontrolled human
exploitation with further disturbance and degradation of their
environment (Fave et al., 2009; Vela et al., 2008). Despite a
reduction in China’s birth rate, China remains one of the
world’s most populated places and anthropogenic impacts have
spurred an increased use of coastal resources to meet demands
of economic development and requirements for pollutant
discharge (Alder et al., 2002; Callaway, 2005; Karamanlidis
et al., 2004; Lotze et al., 2006; Tao, Xue, and Lu, 2007).
DOI: 10.2112/JCOASTRES-D-10-00134.1 received 9 September 2010;
accepted 1 November 2010.
Published Pre-print online 1 February 2011.
’ Coastal Education & Research Foundation 2011
* Corresponding author.
Journal of Coastal Research 27 5 966–972 West Palm Beach, Florida September 2011
The establishment of natural reserves (NRs) serves to protect
crucial ecosystems and to aid species recovery in degraded
lands (Armenteras, Rodriguez, and Retana, 2009; Dobson,
Bradshaw, and Baker, 1997). With the rapid economic
development occurring in Chinese coastal zones, these envi-
ronments are continuing to deteriorate in the face of intensive
population pressure. The severity of development pressures on
China’s coastal wetlands have prompted the question of: what
changes have occurred in coastal environments and which
factors have led to these changes? Under the policy of ‘‘Salvage
Protection’’, large areas of cultivated land and densely
populated areas have been included within NRs as buffer
zones. Buffer zones are basically made up of urban and rural
settlements, built-up areas, farmland, and industrial land.
Therefore, the effects of protection on coastal wetlands and
biological resources are very vague and boundary adjustment is
necessary for most NRs.
However, with the growth of the population and economic
activities, coastal land use has changed dramatically, most
evidently by the continuous decline of the area of cultivated
land. The rapid loss and ongoing deterioration of coastal zones
is a major concern and should be the focus of efforts to achieve
the objectives of protecting the NRs. Considerable research has
been carried out in coastal wetland science studies. This has
included elaboration of land use and land cover (LULC) and
vegetation community maps (Wright and Gallant, 2007),
analysis of hydrological and land cover changes in wetlands,
using high-resolution Quickbird satellite imagery to distin-
guish and map black mangroves (Everitt et al., 2008), using
habitat suitability mapping in Chongming Dongtan NR, China
(Tian et al., 2008), determining habitat patch connectivity and
corridors in refuge design (Partyka and Peterson, 2008),
assessing coastline changes (Ekercin, 2007; Vidal and Filo-
grasso, 2008), determining the effects of habitat loss and species
diversity on landscape composition (Cardozo and Chiaraviglio,
2008; LaGreiner, Reams, andMendelssohn, 2000; Simenstad et
al., 2006), and pursuing biodiversity conservation, eradication
of poverty, and coastal management (Foster et al., 2007).
Little attention has been paid to the extent and the drivers of
mudflat habitat change in Dagang, Tianjin. This paper takes
DagangDistrict as a case study, analysing changes in the LULC
and revealing the influence of habitat quality upon the
boundary adjustment while supplying a scientific reference.
Moreover, many planners think that habit quality is not
important in boundary adjustments and would make NR
boundary adjustments randomly. The aims of this paper are
to (1) to examine the dynamic patterns of LULC in the Dagang,
Tianjin coastal region of China using medium-resolution Land-
sat Thematic Matter (TM) data and socioeconomic data; (2) to
present a case study examining recent hydrological and land
cover changes in a small wetland; and (3) to discuss some of the
major implications of NRs and envision possible adjustments.
MATERIALS AND METHODS
Study Area
The research area, Dagang District, belongs to one part of
Tianjin Binhai New Area and is located at 117u089–117u349 E
and 38u339–38u579 N (Figure 1). It covers about 1025.54 km2,
the average elevation is below 5m, and it hasmanynatural and
artificial wetlands. The area has a coastline of 25 km, and the
coastal zone is a siltation pelitic coast. A warm temperate,
semihumid, and continental monsoon climate dominates this
region year-round. The average annual temperature is 12.1uC,
mean annual precipitation 593.6 mm, and mean annual
evaporation 1979 mm. Petrochemical, oil processing, gas
exploitation, and chemical fibre industries are very advanced
and important for the economy of Tianjin. The development of
these industries has occupied large areas of coastal wetlands
and caused the degradation of coastal habitats.
The Dagang District possesses a unique natural ecological
system with abundant wetlands and intertidal zones, and
39.8% of the terrestrial area is wetland. Tianjin Beidagang
Wetland Natural Reserve (TBNR) was established in 2001 and
occupies 442.40 km2, 43.14% of the area ofDagangDistrict. The
primary focus of the NR is to preserve existing wetlands and
the unique fauna and flora of these habitats. The TBNR is a
relic of marine regression, which created the large wetland
area that today serves as critical migratory habitat for species.
The aquatic organisms and plant resources are very rich, and
the aquatic floras are simple, with 140 species belonging to 12
items, 26 subjects. Six species present in TBNR are protected
under the classification of First-Grade State Protection of
endangered species and 17 species are second-grade protected
species.
Materials
To minimise the impact of possible interpretation errors due
to the survey dates of the images, the images of three periods
with similar monthly dates were acquired to examine LULC
changes. The dates of Landsat TMwere 21 September 1988, 11
August 1999, and 12 September 2008. The images, which have
six bands and 30-m spatial resolutions, are predominantly
cloud free. Themonitoring results of water quality are from the
Environmental Protection Bureau of the Dagang District,
Tianjin. In addition, some time-series socioeconomic data
between 1994 and 2008 were collected from the Statistics
Yearbook of the Binhai New Area and were used to define
driving forces resulting from land use change that caused
coastal environment changes.
Figure 1. Location of the study area.
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Methods
Remote sensing (RS) and geographical information system
have been extensively recognised as powerful and effective
tools for detecting the spatiotemporal dynamics of LULC
(Shirley and Battaglia, 2008). There are many approaches to
change detection and statistical analysis that enable discovery
of the structural variation among different land cover patterns
and to diagnose land use changes on the basis of time-series
socioeconomic data. Land covermaps for the three periodswere
obtained by supervised classification using the widely used
maximum likelihood algorithm under the ERDAS Imagine
V8.7 platform. An efficient classification system was drafted
through human–machine interactive interpretation to guar-
antee classification consistency and accuracy. Three land use
maps of 1988, 1999, and 2008 were classified into seven types,
such as cultivated land, woodland and grassland, settlements,
traffic land, saltwater body, freshwater body, and unused land.
The accuracy of two classified products was assessed by
verifying general land cover delineations on topographical
maps and field surveys. The resulting overall classification
accuracies were 92% and 90% of the images, respectively. The
temporal changes in each LULC type were analysed from the
matrix of land cover change using information from the initial
and final states. The three gridded LULC maps were used to
detect the internal variations of land use types between two
periods: from 1988 to 1999 and from 1999 to 2008.
RESULTS
Land Use Changes in Dagang District
The results of classification are presented by threeRS images
in Figure 2 and Table 1. Land use has changed significantly
over the period from 1988 to 2008. In 1988, cultivated lands
comprised the largest area of the land types, occupying 35.96%
of the total area (36,879.0 ha) and freshwater bodies made up
the second largest area (19,300.5 ha). Cultivated land
decreased slightly to 35,313.7 ha in 1999, occupying 34.43%
of the total area. The area of settlements expanded from
11,305.1 ha in 1988 to 16,661.3 ha in 1999 and rose to
23,258.6 ha in 2008. The areas of freshwater bodies and traffic
land decreased by 39.67% and 26.04%, corresponding to a total
decrease of 8776.4 ha and 447.6 ha, respectively.
In contrast, the area of settlements, saltwater bodies, and
unused land increased by 47.38%, 33.51%, and 16.66%,
respectively from 1988 to 1999. These trends continued from
1999 to 2008, except for the changes in woodland and
Figure 2. Classification maps of three remote sensing images: 1988, 1999,
and 2008.
Table 1. Transition matrix of land types: 1988–1999 and 1999–2008.
Land type
1988 (ha)
Changes (%)CUL WGL SEM TRL SWB FWB UNL Total
1999 CUL 29,229.6 1936.7 1738.3 194.2 8.9 1865.5 340.5 35,313.7 24.25
WGL 544.5 2854.7 342.7 43.7 131.2 2276.0 2069.1 8261.9 12.49
SEM 5193.9 1019.9 8722.4 198.1 88.1 1375.9 63.1 16,661.3 47.38
TRL 40.4 5.4 24.1 1159.2 11.6 29.6 0.9 1271.3 226.04
SWB 16.6 13.8 56.5 9.6 3304.0 977.9 801.9 5180.4 33.51
FWB 1758.1 565.8 312.1 65.0 186.7 9730.6 731.8 13,350.0 239.67
UNL 95.9 948.4 109.0 49.1 149.7 5870.8 15,293.2 22,516.0 16.66
Total 36,879.0 7344.7 11,305.1 1718.9 3880.2 22,126.4 19,300.5
1999 (ha)
2008 CUL 20,197.5 0.4 1164.3 0.2 0.3 279.1 3.7 21,645.4 238.71
WGL 2511.5 2573.5 849.8 0.4 0.8 487.5 129.9 6553.3 220.68
SEM 7797.3 1288.1 11,608.1 26.2 245.5 1856.9 436.4 23,258.6 39.60
TRL 425.8 30.5 91.7 1244.0 14.3 50.2 26.4 1882.9 48.11
SWB 62.2 321.1 1082.3 0.0 3189.2 440.2 254.2 5349.2 3.26
FWB 2548.6 3494.5 1497.9 0.1 1684.9 7540.1 2693.0 19,459.2 45.76
UNL 1770.9 553.7 367.2 0.4 45.3 2696.1 18,972.4 24,406.0 8.39
Total 35,313.7 8261.9 16,661.3 1271.3 5180.3 13,350.0 22,516.0
CUL 5 cultivated land, WGL 5 woodland and grassland, SEM 5 settlements, TRL 5 traffic land, SWB 5 salt-water body, FWB 5 fresh-water body, UNL 5
unused land.
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grassland, traffic land, and freshwater bodies. The cultivated
land decreased by 38.71% and the trend of traffic land was
reversed, increasing by 48.11% from 1999 to 2008. The area of
saltwater bodies increased only 3.26% from 1988 to 1999; and
this increasing trend was maintained to 2008.
Habitat Change
The coastal wetlands of the Dagang District were directly
affected by oil field development and production before the
establishment of the NR, and the number of oil wells has
increased over the past 30 years. The environmental quality of
coastal wetlands has been severely disrupted by heavy metals,
water and oil pollution from upriver, and accidents of oil
leakage. The pollutant concentration includes dangerous levels
of chemical oxygen demand (COD) and suspended substances,
and the level of outfall is at level B according to the guideline
evaluation of coastal zones. Coupledwith livestock grazing, the
biomass of biology and habitat density in coastal wetlands has
sharply decreased and deteriorated the environmental condi-
tion.
The average biomass in coastal wetlands in 2003 was
119.24 g/m2. Most of this biomass was molluscs (shellfish),
which had a total average density of 190.11 individuals (ind)/
m2. In 1983 the biomass and density in intertidal zones were
211.09 g/m2 and 599.40 ind/m2, respectively, so that the total
average biomass in 2003was far below the biomass of 1983, and
the biomass and biological density have sharply decreased.
Shellfish production requires the maintenance of the area
and ecological condition of coastal resources. However, the
water and soil pollution of estuarine areas of Tianjin has caused
shellfish to be in a dangerous status. The hazardous and
noxious substances of 12 shellfish in the coastal wetlands of
Tianjin were monitored in 2004. Four samples’ petroleum
hydrocarbons and three samples’ faecal coliforms exceeded
acceptable standards, and the oil pollution was very serious.
The contents of Cyclina sinensis, Sinonovacula constricta, and
Mactra veneriformis were 20.4, 15.6, and 23.8 mg/kg, respec-
tively, all of which exceed the national standard of 15 mg/kg.
The Beidagang Reservoir is the largest artificial reservoir in
Tianjin, with an area of 16,400 ha and an anticipated storage
capacity of 0.5 billion m3. The area of the reservoir is relatively
large and flat, and the evaporation of 1120mm is coupledwith a
dry climate and decreased supply of water from upland areas.
Because of the extremely large area of the reservoir and the
shallow level of the water, the storage capacity of the reservoir
is continuing to decrease as a result of natural and anthropo-
genic factors. The average storage capacities of Beidagang in
the 1970s, 1980s, and 1990swere 0.26, 0.15, and 0.08 billionm3,
respectively.
Change in Quality and Driving Forces
Quality of Surface Water
The contents of COD, petroleum-related pollutants, and
suspended matter of surface waters substantially exceeded the
national standards (GB 3838-2002). The poor quality of surface
water has been caused by livestock production onmudflats and
shorelines. Monitoring the surface water at the outlet of
Beidagang Reservoir from 2003 to 2007 (Table 2) showed that
the contents of many elements increased andwould potentially
threaten the environmental quality of coastal habitats.
According to China’s National Environmental Quality Stan-
dards of surface water, by 2002, water quality dropped to grade
III of the China Standard. Resulting from environmental
improvements, the water quality in 2007 had improved.
Pollutants from industrial, domestic, and aquaculture sources
directly cause the degradation of the water quality and
sediment quality of coastal wetland.
Driving Forces of Population and Gross Domestic
Product (GDP) trends
The population and especially the GDP of the Dagang
District have grown continuously from 1993 to 2006 (Fig-
ure 3A). From 1988 to 2008 the area of cultivated land
decreased from 35,750 ha to less than 25,000 ha, whereas the
area of aquatic production increased from about 3500 to about
8000 ha.
DISCUSSION
The findings of the study indicate that boundary adjustment
of NR is needed to take into account the degradation of coastal
environment and changes of land use and land cover. Many
protection objectives usedwhen theNRswere established have
lost their original ecological value and the boundaries estab-
lished are no longer relevant or practicable. Therefore, the
following issues should be given more attention in future
studies of China’s coastal areas.
The Implication for Boundary Adjustment of NRs
The development of the Tianjin Binhai New Area, the most
important industrial, commercial, economic financial centre in
Northeast Asia, has placed great pressures on the area’s coastal
Table 2. Monitor results (in mg/L) of surface water at the outlet of Beidagang Reservoir from 2003 to 2007.
DO CODMN CODcr BOD5 Oil AN VP FL
2003 8.251 7.561 25.178 3.112 0.706 0.240 0.001 1.296
2004 8.673 6.570 37.244 3.290 0.363 0.262 0.005 1.322
2005 10.433 6.967 42.200 3.167 0.793 0.639 0.008 1.387
2007 6.233 9.200 61.667 14.267 0.247 2.370 0.008 1.440
Standard III 5.000 6.000 20.000 4.000 0.050 1.000 0.005 1.000
DO 5 dissolved oxygen, TP 5 total phosphorus, CODcr 5 chemical oxygen demand, BOD5 5 biochemical oxygen demand, CHL 5 chloride, AN 5 ammonia
nitrogen, VP 5 volatile phenol, FL 5 fluoride.
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environment. The Dagang District has been developed as a
national-level petrochemical base and as an important indus-
trial base in the south of the Binhai New Area. The industrial
development of these areas does not include objectives for the
protection and conservation of natural values, especially those
of the coastal wetland systems of the area. The quality of water
of the area is at level IV because of discharge pollutants from
both agricultural and industrial land use. Consequently the
natural characteristics of the coastline are rapidly being lost in
those districts undergoing intensive shoreline development.
The coastal environmental quality has had severe deteriora-
tion due to the upstream pollution of rivers and oil leak
accidents, and the farming industry has been threatened.
Therefore, the boundaries of the NRs needs to be modified and
the deteriorated coastal mudflat should be removed from the
NRs. Most areas of the mudflat have been occupied, and the
Dagang oil field has formed an oil exploration area with a
continuing increase of oil well density in the coastal mudflat.
Response of Human Activities to the Estuarine Changes
The Dagang District has exceptional advantages for marine
aquaculture and a great deal of land unused because of soil
salinisation in the coastal zones that could be developed for this
use. However, the ecological deterioration of the Dagang
wetlands has become increasingly serious. To formulate a
rational use of the coastal wetlands, the government has
implemented marine legislation as the legal framework for
managing coastal estuarine changes and use conflicts. This
legislation is for regulating effective and efficient coastal
wetland use and includes considerations of resource explora-
tion, transportation, and environmental protection to comple-
ment national laws. Furthermore, the Functional Zoning
Scheme was established as a crucial means seeking to
determine multiuse priorities, to reduce use conflicts, and to
increase the socioeconomic benefits as awholewhile sustaining
the resource base and ecosystem functions. A regulation was
established requiring that sewage emission complyingwith the
national standard be achieved.
To better manage coastal wetlands in the Dagang District
and to ensure NRs serve as successful examples of the union of
biodiversity conservation, scientific study, and economic
development, the local government should implement the
preservation of NRs that contribute to the biodiversity value
of these areas. The concept of involving the scientific
community and local people as key actors in the operation of
conservation management programs should more effectively
protect biological value. NR management will not merely
manage just the NRs, but will also care for the needs of
surrounding residents. CurrentlyNRs lack administration and
local resident participation, and have little support from local
residents. Public participation in NR management is not only
an important approach to improve management but also is
important to coordinate natural resource protection and
regional economic development. Cooperative management is
defined as inviting the local community to participate in the
decision making, implementation, and appraisal of protection
programs and consists of joint management of natural
resources on the basis of input from the local community. The
NR should promote the involvement of the local community
and carry out ecological compensation programs.
Owing to poor upstream water qualities and the high
evaporation of the region, many rivers dry and cause the
inshore environment to face a serious water and inshore
environment quality challenge. Reductions of the shallow sea
area and tidal flux volume during the past 50 years have been
two great physical state changes in coastal regions. The species
compositions and the community structures of coastal plants,
phytoplankton, and benthos have changed, whereas wild
species abundance and diversity are decreasing. Coastal
reclamation has led directly to the reduction of biodiversity in
many places. Under the pressures of overfishing and the state
changes of coastal water regulations, coastal commercial
fishery production has shown a serious decreasing trend. The
production changes of the eight major commercial coastal
fishery species have rapidly decreased.
Conflicts between protection and development often exist.
Establishment of NRs by restricting land use options has
potential negative effects and opportunity costs. Alleviation of
poverty and marginality of the residents should be priority
considerations. The responsibility of the study is to provide
essential socioeconomic, ecological, and technical advice to
policymakers and to provide the best available information that
will minimise the costs and maximise the benefits associated
with a proposed development project. On the one hand, it has
Figure 3. The change of GDP and population growth (A); area of
cultivated land and aquatic product (B).
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been assumed that to preserve certain ecosystems in their
natural state, human activity in them must be reduced to a
minimum. On the other hand, biodiversity is valued in terms of
its social utility, emphasizing conservation strategies that
integrate NRs into the social and cultural fabric of the regions
in which they are located.
CONCLUSIONS
The causes of coastal habitat changes are important not only
for the management and planning of these coastal areas, but
also for a better understanding of the role that humanactivities
play in environmental changes in a regional or global manner.
The changes in coastal habitats, LULC, and the driving factors
are widely discussed in land science and estuarine coastal
science. Tianjin, one of the fastest developing regions in China,
was selected for this research on estuarine changes and the
causative factors driving these changes. The environmental
quality of coastalwetlandshas been severely disrupted because
of the pollution from upriver sources and accidents of oil
leakage. Research on how the driving forces of human
population and GDP influence coastal habitats could greatly
help to optimise the structure of land use.
Changes in LULC were studied by means of supervised
classification of Landsat images during the past 30 years, and a
series of land covermaps were created. The study combined RS
data and monitoring data with socioeconomic data to analyse
LULC changes and the coastal habitat status. The results alert
local governmental agencies and scientists that the coastal
habitats have changed considerably and that the protection
efforts on coastal NRs have limitations. This research has
important implications for land management practices in
coastal China. Land use in many NRs is limited in regard to
protection of natural values, and the local government has no
right to exploit the land resource. However, revision of land
use/cover andprotection regulations are long overdue and some
of those in place have no conservation value and are obstructive
to regional economic development. Boundary adjustment
should be carried out for some NRs. Consequently, an
application of this study is to provide direction for key future
research or action for adjusting boundaries of NRs on the basis
of actual land use/cover and environmental change informa-
tion. Concurrently urgent action should be taken to conserve
coastal wetland habitat. This research only investigated LULC
and water-quality changes, and indicated major driving forces
and proposes the need for boundary adjustment of NRs.
However, there remains the need for intensive research on
relevant intrinsic natural mechanisms of coastal ecosystems
and the impacts of human activity on them.
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